Multidrug-resistant (MDR) tuberculosis (TB) is caused by strains of *Mycobacterium tuberculosis* that are simultaneously resistant to isoniazid and rifampin. Additional resistance to quinolones (QNL) and a single or more injectable agent(s) (capreomycin, kanamycin, or amikacin) defines extensively drug-resistant (XDR) TB \[[@OFV175C1]\]. Multidrug-resistant and XDR TB are growing concerns in high-income public health, low-TB prevalence countries. The World Health Organization (WHO) guidelines recommend the following 5-agent treatment regimen for MDR TB: pyrazinamide; a parenteral aminoglycosides (group 2); a later generation QNL (group 3); ethionamide and either cycloserine or para-aminosalicylic acid (PAS) (group 4). Other agents, not recommended as initial treatment, are linezolid (LNZ), imipenem, amoxicillin/clavulanate, and clarithromycin (group 5) \[[@OFV175C1]\]. The difficulty of MDR-TB treatments is to design the most appropriate drug regimen combining efficacy, safety, and tolerability for each patient. In 2013, the estimated global number of MDR and XDR TB cases among newly diagnosed patients with pulmonary TB was 480 000. In some eastern Europe and central Asia countries, 9%--32% of new cases have MDR TB, including more than 50% of previously treated cases \[[@OFV175C1]\]. Although France has a low prevalence of MDR TB (1.8%), a recent dramatic increase in the number of cases has been observed, mostly imported from higher prevalence countries \[[@OFV175C2]\]. The challenge that many European western countries is facing is to optimally control MDR-TB strains to prevent a shift towards an endemoepidemic status. A dominant microbiological feature of culture-positive strains collected in France is phenotypic resistance to ethionamide (ETO), which is as high as 73% nationwide and 77% in our center. A literature-based approach reveals an extremely wide range of ETO-resistant strains across the world (from 10.8% to 100%) due to the heterogeneity of the disease across various populations and the uncertainties regarding the reproducibility and reliability of ETO-susceptibility testing \[[@OFV175C3]--[@OFV175C5]\]. Thus, WHO guidelines do not recommend performing routine drug-susceptibility testing for group 4 drugs, although ETO is a pivotal drug in the MDR-TB starter regimen \[[@OFV175C6]\]. High-ETO resistance has led us to systematically include LNZ in the MDR-TB starter combination. Linezolid has been used primarily for patients considered to be complicated or "intractable" for whom second-line regimen failed or TB strains were phenotypically resistant to second-line drugs \[[@OFV175C7], [@OFV175C8]\]. A progressive shift in LNZ use is observed, because systematic reviews found that treatment outcomes with LNZ-containing regimens for complicated cases of MDR TB are noninferior for both MDR and XDR TB \[[@OFV175C7]--[@OFV175C14]\]. Thus, we report our experience with LNZ use as group 4 drug in the starter combination of MDR-TB treatment.

PATIENTS AND METHODS {#s2}
====================

Among the 30 patients who were treated for MDR TB in our center between 2008 and 2014, 23 patients were treated from the start with LNZ. It was used either instead of ETO in patients with ETO-resistant strains (78%, n = 18) or in combination with ETO for the few patients with ETO-susceptible strains (Figure [1](#OFV175F1){ref-type="fig"}). The majority of the patients (78%, n = 18) received a single-dose 600 mg regimen, 2 (8%) patients received a twice-daily 600 mg regimen, and 3 (12.5%) patients received a single-dose 300 mg regimen. Direct-observed therapy was the rule during hospitalization, whereas treatment combination was delivered once monthly to outpatients. The peak and trough LNZ plasma concentrations of 9 patients on the 600 mg daily regimen were measured with a validated high-performance liquid chromatography method \[[@OFV175C15]\]. Data related to treatment monitoring and outcomes were collected and assessed as previously described \[[@OFV175C16], [@OFV175C17]\]. Figure 1.Flow chart of selected cases.

RESULTS {#s3}
=======

The patients\' general characteristics are summarized in Table [1](#OFV175TB1){ref-type="table"}. The median length of treatment with LNZ was 274 days (interquartile range \[IQR\], 195--365). The median time to sputum culture conversion was 39 days (IQR, 21--76.5; 6 missing data) (Table [1](#OFV175TB1){ref-type="table"}). The majority of patients (91%) experienced relapse-free outcome with a median follow up after treatment completion of 16.3 months to date (IQR, 12--24.3). Two patients defaulted at 5.5 and 7 months after treatment initiation. The most frequent LNZ-related side effect was neuropathy, which occurred in 10 (43.5%) patients at a median time of 240 days (IQR, 120--265) after LNZ initiation. Among these neuropathies, 8 were peripheral, 1 was optic, and 1 was both, resulting in drug interruption. Hematological disorders accounted for a single drug interruption due to acute anemia that required transfusion support in 1 patient receiving 1200 mg daily. Platelet count below 100 000 platelets/mm^3^ was observed in 2 patients. The LNZ plasma concentrations were below the lower limit of quantification in 2 patients suspected of nonadherence. In the 7 other monitored patients, the median peak was 9.1 mg/L (IQR, 8.3--14.82) and the median trough was 0.8 mg/L (IQR, 0.4--1.8). The most frequently administered drugs associated with LNZ in the background regimens were QNL (92%, n = 21), injectable aminoglycosides (87%, n = 20), cycloserine (83%, n = 19), PAS (74%, n = 17), and bedaquiline (\[BDQ\] 35%, n = 8). Ethionamide and imipenem with amoxicillin/clavulanate were sporadically used (22%, n = 5 and 13%, n = 3, respectively; Table [1](#OFV175TB1){ref-type="table"}). Six patients underwent surgical resection of cavitary lesions or destroyed lungs. Table 1.Patient\'s General Characteristics^a^CharacteristicsLinezolid in the Starter TherapySubjects, n23Age (years, min-max)40 (15--71)Gender (male)18 (78)XDR-TB2 (8.7)MDR-TB21 (91.3)Type of disease Lung TB with positive sputum culture17 (74) Lung TB with negative sputum culture^b^4 (17.3) Extrapulmonary TB with positive culture samples2 (8.7)Course of disease Time to sputum conversion (days)39 (21--76.5) Patients cured19 (82.6) Patients in the continuation phase2 (8.7) Patients defaulting2 (8.7) Follow-up duration (months)16.3 (12--24.3)Susceptibility tests result resistance (%) Ethionamide78 Pyrazinamide65.2 Fluoroquinolones22 Cycloserine22 PAS22 Amikacin13Background regimen Fluoroquinolones21 (91) Amikacin, streptomycin20 (87) Cycloserine19 (83) PAS17 (74) Bedaquiline8 (34.7) Ethionamide5 (21.7) Imipenem + clavulanate3 (13) Adjuvant thoracic surgery, n (%)6 (26)[^2][^3][^4]

DISCUSSION {#s4}
==========

Linezolid belongs to the group 5 drugs (unclear clinical efficacy) and is not currently recommended by the WHO in the starter regimen of MDR TB \[[@OFV175C1]\]. In our experience, the use of LNZ in the starter regimen of 23 MDR-TB patients (including 2 XDR TB) yielded sputum culture conversion rates and relapse-free outcome results that are consistent with those of previous larger studies that evaluated LNZ as a second-line combination in 39 and 45 patients, respectively \[[@OFV175C8], [@OFV175C13]\]. In addition, a single-center study that detailed the numerous therapeutic adaptations required for MDR-TB treatment optimization revealed that the tolerability of second-line drugs such as aminoglycosides and PAS did not exceed 3--6 months \[[@OFV175C18]\]. This finding emphasizes the need for alternative options.

When using a 1200 mg daily dose regimen, myelosuppression appears first within a delay of 2--8 weeks, in a dose-dependent manner \[[@OFV175C19]\]. It has been suggested that lower dosages (eg, 600 mg daily or 300 mg once or twice daily) might limit adverse events in patients on prolonged LNZ therapy for MDR TB \[[@OFV175C7]\]. When using lower dosages, the safety and tolerability concerns of prolonged LNZ therapy should focus on neurological disorders, especially peripheral neuropathies \[[@OFV175C8], [@OFV175C10], [@OFV175C18], [@OFV175C20], [@OFV175C21]\]. Although the reported incidences of neuropathy are similar (40%--50%), the onset of peripheral symptoms is variable. In our series, the median onset is 8 months, which contrasts with the delay of 2--4 months reported by Tang et al \[[@OFV175C20]\]. This difference may be related to the use of a 600 mg daily dose regimen from the start, whereas Tang et al \[[@OFV175C20]\] opted for an induction phase with a 1200 mg daily dose regimen over the first 4--6 weeks; this difference suggests a dose-dependent effect of LNZ. Thus, LNZ-induced neuropathy must be cautiously monitored with neurological follow ups, electromyograms, and ophthalmological evaluations upon the onset of symptoms, and alternative regimens without LNZ should be introduced when possible. In addition, the use of LNZ should be carefully evaluated before being implemented in patients with increased risk of toxicity, such as patients with diabetes.

Treatment monitoring via plasma concentration assays allowed the random detection of 2 nonadherent patients. The 7 other patients had median LNZ trough concentrations above 0.5 mg/L, which is considered to be the minimum inhibitory concentration (MIC)~90~ for MDR-TB strains. A *C*~min~ of at least 1 mg/L should be targeted in order to both achieve anti-TB effect and to prevent resistance mutations occurrence. Our troughs are rather low because previous data reported similar *C*~min~ 2.1 ± 1.3 mg/L values (range, 0.4--4.5 mg/L) in patients receiving 300 mg LNZ daily (half the dose received by our patients) \[[@OFV175C22]\]. However, LNZ concentrations achieved in the lung epithelial lining fluid (ELF), the most frequent active infection site, are known to be approximately 3--8 times greater than the serum concentrations \[[@OFV175C23]\]. Thus, the LNZ concentrations in the ELF are expected to be substantially greater than the MIC~90~ and the mutation prevention concentration that has previously been determined in vitro to be 1.2 mg/L \[[@OFV175C24]\].

An important issue is the LNZ appropriate daily dose when used as a starter drug. The 1200 mg daily dose regimen provides optimized LNZ tissue concentrations but is not acceptably tolerated for the treatment durations required for MDR TB. The 600 mg daily dose regimen may be a fairly good compromise between drug exposure and long-term tolerability, although, at some point, this dose was limited by the occurrence of neuropathy in nearly half of the patients. As previously reported by Lee et al \[[@OFV175C13]\], the 300 mg daily dose regimen provides pharmacokinetic profile sufficient to maintain serum concentrations above the MIC of most isolates. However, data are lacking to support this dose in settings such as high-burden MDR TB (multiple lung excavations) or extrapulmonary MDR TB or XDR TB. Finally, the arrival of promising new drugs, such as BDQ, that exhibit high activity against *M tuberculosis* bacilli indicates the need for further trials evaluating the most appropriate candidate drugs for the starter regimen of MDR TB.

We believe that in areas with high levels of second-line drug resistance (ie, high proportion of XDR among MDR-TB cases), LNZ should be used as part of the empirical starter regimen. This choice is based on the following: (1) the high efficacy of LNZ-containing regimens even in case of extensive drug resistance; (2) the low prevalence of LNZ resistance among MDR strains (\<5% in France) (N.V., personal data); (3) the low in vitro mutation rate, which limits the risk of selection of resistant mutant strains \[[@OFV175C25]\]; and (4) the relatively late occurrence of peripheral neuropathy when using the 600 mg daily dose regimen.

CONCLUSIONS {#s5}
===========

In conclusion, we propose that LNZ should leave the group 5 drugs (antituberculous drugs with unclear clinical efficacy) according to the WHO classification and should be considered for integration with the group 4 drugs (proven bactericidal activity).
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